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Upon exposure to ultraviolet (UV) radiation present in sunlight,
photo-oxidative reactions are initiated which are damaging to bio-
molecules and a¡ect the integrity of skin cells and damage skin
(Katiyar et al, 1999). Such photo-oxidative damage plays a role in
pathological processes and is involved in the development of many
disorders a¡ecting the skin. When skin is exposed to UV light,
erythema is observed as an initial reaction. Every time the skin is
exposed to UV light, some damage occurs and the cumulative ef-
fect of that repeated damage is epidermal DNA damage, persistent
in£ammation, oxidative stress, and suppression of T-cell mediated
immunity (Afaq et al, 2002; F’guyer et al, 2003). The ¢nal outcome
of these e¡ects results in the formation of nonmelanoma skin can-
cer comprising mainly of squamous cell carcinomas and basal cell
carcinomas. The UVB spectrum (290^400 nm) of solar UV radia-
tion is the minor but active constituent, and is the primary cause of
cutaneous damage. UVB-induced skin carcinogenesis includes al-
terations in both genetic and epigenetic levels. Studies have shown
that the average annual UV dose that Americans typically get in a
year is about 25000 J/m2 or about 33000 J/m2, including 8000 J/m2
incurred during a conservative vacation in the continental United
States (Green et al, 1999; Godar et al, 2001). The acute responses of
human skin to solar UV radiation are recognized in the form of
in£ammatory reaction that are mediated by several pathways: (a) a
direct action of absorbed photons on DNA of viable nuclei of skin
cells; (b) the generation of reactive oxygen species (ROS), and free
radicals and (c) generation of in£ammatory mediators.
Two strategiesavoiding excessive sun exposure and the use of
sunscreenshave been continuously emphasized for prevention of
photodamage. However, using protective clothing and using sun-
screens have sadly been only partially e¡ective and have not always
proven practical. One other approach that has been emphasized is to
make antioxidants available to the skin at the time of exposure.These
antioxidants function in two major ways. First, they can scavenge
ROS generated in the skin as a consequence of UV exposure. Sec-
ondly, they can interfere with many signaling pathways altered in
the skin as a consequence of ROS generated. For a variety of reasons,
botanical antioxidants are gaining popularity as more and more skin
care products with botanical ingredients are introduced in the mar-
ketplace. Theoretically, these antioxidants will be e¡ective only if
they are present in the skin at the time ROS are produced in the skin
as a consequence of oxidative stress (F’guyer et al, 2003).
In this issue of the Journal, Gonzalez and coworkers (2003) pro-
vide evidence that consumption of antioxidants, lutin and zea-
xanthin found in green leafy vegetables by SKH-1mice diminished
the e¡ects of UVB radiation by reducing acute in£ammatory re-
sponses and UV-induced hyperproliferative rebound. An interesting
observation of this study is the e¡ect of dietary carotenoids on UVB
exposure-mediated increase in terminal deoxyribonucleotidyl
transferase (TDT)-mediated dUTP-digoxigenin nick end labeling
(TUNEL) positive cells. This implies that carotenoids inhibit the
process of apoptosis. UVB exposure results in the formation of ‘‘sun-
burn’’ cells, which are considered to be preapoptotic cells. Carote-
noids possibly inhibited the formation of these preapoptotic cells
by preventing DNA damage. Many other botanical antioxidants
delivered orally through drinking water or through dietary supple-
mentation to mouse models have been shown to produce similar ef-
fects. For example, many studies have shown the e¡ects of beverages
like tea and dietary supplements like carotenoids and vitamin C on
mouse models of chronic and acute UV-radiation-induced e¡ects.
The relevance of these animal studies to the human situation is rarely
examined. Translating animal data with the antioxidants from green
tea to human volunteers, we showed that some of the animal data
with short-term e¡ects could be duplicated in humans (Elmets et al,
2001). Similarly, supplementation with b-carotene (Heinrich et al,
2003) and other carotenoids (Stahl et al, 2000; Stahl and Sies, 2002;
Heinrich et al, 2003), such as dietary tomato paste containing lyco-
pene (Stahl et al, 2001) protected against UV-light induced erythema
in humans. Thus, there is a reasonable hope that data obtained in
animal models with some dietary antioxidants could even translate
to the human population. If the study of Gonzalez et al (2003) in
the animal model could be translated to the human population, it
could lead to novel approaches for the prevention of UV-induced
disorders. It is important to emphasize that the approach of using
botanical antioxidants cannot be the sole strategy to reduce UV-
induced adverse e¡ects in humans, but could be an add-on to the
existing strategies of avoiding excessive exposure to sun and using
sunscreens. This is important, because unlike exposure to UV radia-
tion that is di⁄cult to control, individuals can modify their dietary
habits and lifestyle in combination with a careful use of skin care
products. Clearly more work is needed in this area of research.
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